Histological analysis was carried out during the sequence leading to the formation of embryogenic callus and somatic embryos from cotyledon explants of African marigold (Tagetes erecta). Tissues at various developmental stages were excised and observed by light, fluorescent and scanning electron microscopy.
Introduction
African marigold ( Tagetes erecta L.) is an important ornamental plant. Different kinds of thiophenes have been characterized on this species. Thiophenes are secondary metabolites with nematicidal properties which accumulate in roots of many Asteraceous plant species (Bohlmann et al., 1973) .
Studies on in vitro tissue and cell culture are mostly concerned with analyzing the influence of medium factors on callus or/and regeneration, but few works are concerned with studying the developmental process, investigating the cells that originate the callus and the regenerants. These kinds of studies are very important when working with direct genetic transformation, because the best stage and cell type for transformation can be predicted.
Plant regeneration from tissue culture can be obtained by embryogenesis or organogenesis. In plants of the Asteraceae, the majority of the regeneration reports are of organogenic type and, so far, only a few species have been regenerated by embryogenesis in this family (May and Trigiano,1991) . In a previous work we reported the induction of a friable embryogenic callus from cotyledon explants of African marigold, and development of somatic embryos from this callus (Bespalhok and Hattori, 1998) .
In that paper, histological aspects of embryogenesis were briefly mentioned, showing the embryogenic nature of the callus, but without description of cellular events that lead to callus and embryo formation. (Guzzo et al., 1994) indicating that totipotency is not intrinsic to all plant cells.
Compact embryogenic callus developed when explants with nodular structures were transferred to TDZ supplemented medium.
After 4 week culture, the compact callus was composed of a broad meristematic zone with somatic embryos on its surface ( Fig. 2-a) . Globular to torpedo stages of embryo development were observed.
These embryos seemed to be growing by secondary embryogenesis, probably from the epidermis of other embryos (Fig. 2-a) . (Fig. 2-b , c) or small clusters ( Fig.  2-d) . 5-a) . SEM images of somatic embryos showed different stages of embryogenesis: globular ( Fig. 6-a) and torpedo ( Fig. 6-b, c) . Somatic embryos developing on TDZ supplemented medium had a smooth epidermis ( Fig. 6-b) while the ones developing on ABA supplemented medium had a wrinkled epidermis (Fig.  6-c ).
Discussion
Our light microscopic observations in the development of a friable embryogenic callus of African marigold suggest that the friable embryogenic callus originates from the nodular structures, after various subcultures in medium with 2,4-D. Probably, as the nodules grew, the more external meristematic layers led to the formation of the narrow meristematic strands, and the more vacuolated cells inside the nodule degenerated with time forming the large intercellular spaces.
The circular shape showed by some narrow strands reinforces this hypothesis.
Further development of the narrow strands led to the formation of small cluster of cells, which resulted from the breaking of the narrow strands. (Konan et al., 1994) , Brassica campestris cotyledon culture (Hachey et al., 1991) , and sugarcane leaf culture (Sumardi et al., 1988) , as in our case, mitotic activity started in the vascular parenchyma.
In mungbean (Mendoza et al., 1993) and (Fransz and Schez, 1991) and friable embryogenic callus of Coffea canephora (Nakamura et al., 1994) . One of the possible roles of the mucilaginous substance could be in the diffusion of nutrients via intercellular space (Fransz and Schez, 1991) .
The somatic embryos had poorly developed cotyledons and no shoot apex.
This has prevented the conversion of somatic embryos to plantlets. Abnormal or incomplete formation of somatic embryos are a common phenomena in tissue culture and in some cases could be related to deficient auxin polar transport, as has been shown in carrot (Schiavone and Cooke,1987) . Probably, a high concentration of 2,4-D left in the tissue must have prevented the formation of a internal auxin gradient, which is necessary for normal polar auxin transport.
Experiments are now being conducted to obtain conversion of somatic embryos to whole plants.
